Essential histidine residues in coenzyme B12-dependent diol dehydrase: dye-sensitized photooxidation and ethoxycarbonylation.
The apoenzyme of diol dehydrase was inactivated by photoirradiation in the presence of rose bengal or methylene blue, following pseudo-first-order kinetics. The inactivation rates were markedly reduced under a helium atmosphere, suggesting that the inactivation is due to photooxidation of the enzyme under air. The half-maximal rate of methylene blue-sensitized photoinactivation was observed at pH around 7.5. Amino acid analyses indicated that one to two histidine residues decreased upon the dye-sensitized photoinactivation, whereas the numbers of tyrosine, methionine, and lysine did not change. Ethoxyformic anhydride, another histidine-modifying reagent, also inactivated diol dehydrase, with pseudo-first-order kinetics and a half-maximal rate at pH 7.7. It was shown spectrophotometrically that three histidine residues per enzyme molecule were modified by this reagent with loss of enzyme activity. Two tyrosine residues per enzyme molecule were also modified rapidly, irrespective of the activity. The photooxidation or ethoxycarbonylation of the enzyme did not result in dissociation of the enzyme into subunits, but deprived the enzyme of ability to bind cyanocobalamin. The percentage loss of cobalamin-binding ability agreed well with the extent of inactivation. The enzyme-bound hydroxocobalamin showed only partial protecting effect against photoinactivation and resulting loss of the cobalamin-binding ability. These results provide evidence that diol dehydrase possesses essential histidine residues which are required for the coenzyme binding.